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Introduction 
Recently intravenous fat emulsion has been used clinicaly as an important source of 
calories30> and essential fatty acidsi,n37.3s>, and it is accepted as a safe infusate and commonly 
used. .-¥lthough several adverse effects4d~ l, including hematological abnormalities;.19,36＞‘ such 
as川 cmiaor enhanced coagulability10•35> of platelets after using fat emulsion have been reported, 
the actual metabolism of fat emulsion has not vet been clarified. 
On the other hand, the infusion technique termed total parenteral nutrition (TP :¥) or 
intrave口oushyperalimentation (IVH) has been established to maintain nutritional status among 
those who are not able to take foods for a long term. 
In conjunction with TP:'¥ or 1 VH. intravenous fat emulsion h<>.s become to occupy a great 
role in the nutritional management of these patients. 
However, the adverse effects mentioned above have been stil reported. Thus, the author 
attempted to investigate these adverse e仔引了h from the viewpoint of morphology. In this paper, 
in order to examine hematological abnormalities by fat emulsion, morphological observations of 
red blood cels were performed using transmis討ionelectron microscopy (TE'.¥!) and scanning 
electron microscopy (:-¥EM). 
Materials and Methods 
S1!1jl吋sand Patzcnts: :-¥even healthy adult、（Bloodtypes: type A(3), type B(l), type 0(2), 
type A H(l)) wer巴us巴das subjects for the in vitro studies. Thirteen patients were used for the 
in vivo studie式onred blood cel. 
p，’《アピ／J・1/i川 Joft lte Samples: Blood samples (6 ml) were taken from the ~ubjects with a hepari-
nized syringe. Each sample was divided into six 1 ml samples, placed in a test tube, and washed 
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three times with phosphate buffer (pH 7.25). Briefly, after the addition of the buffer, the sample 
was mixed gently with a pipette and centrifuged at 700 rpm for 5 min. After centrifuging, the 
supernatant was aspirated and a new bu仔巴rsolution was added. This procedure was repeated 
two times except that the sample was not centrifuged after the last washing. 
To 5 of 6 samples were added 0.1, 0.2, 0.5, 1and 2 ml of fat emulsion (10% IntralipidR), 
respectively. The total volume of these blood, fat emulsion and buffer mixtures was brought 
up to 10 ml. As a control, Intralipid was not added to one of the samples. Each 2 ml of these 
mixtures and the control sample were placed in othe test tubes . 
.!1 I 'i・lroStudies: Two trials (Groups 1 and 2) were performed; one with 2% glutaraldehyde 
as a pre-fixative, and the other with 2% glutaraldehyde and 0.1 % malachite green according to 
our previously reported method 2s,.12>, 
Group 1: After preliminary preparation of the blood sample, 10 ml of 2% glutaraldehyde of 
the phosphate buffer (pH 7.25) was added to each of the 2-ml mixtures and mixed gently with 
a pipette. Thirty minutes after adding the pre－五xative,the mixture was centrifuged at 700 rpm 
for 5 min. The supernatant was aspirated and 1 % osmium tetroxide was gently mixed in, and 
after an additional 1 hour, the mixture was centrifuged at 500 rpm for 5 min. 
The resulting supernatant was aspirated, and 60% ethanol was added and centrifuged at 
500 rpm for 5 min. 
After repeating this procedure of aspiration and centrifugation, alcohol dehydration at 
increasing concentrations of ethanol to 100% was done. The resulting supernatant was aspirated 
and isoamyl acetate was gently mixed into the mixture. This procedure was also repeated two 
times at one hour intervals. 
The subsequently fixed red blood cells were spread on a glass slide (5 mm×5 mm) thickness 
1 mm. These fixed cells then underwent critical point drying (Critical point dryer; HIT ACRI, 
Tokyo, Japan). Then, they were coated with Au ions (EIKO IB・3model, Japan) and observed 
by SE'.¥l (HFS-2S and S-310, HITACHI, Tokyo, Japan). Some of the fixed cells were prepar-
ed for TEM with Epon 810 embedding and observed by TE:¥! (HCT 12A, HITACHI, Tokyo, 
Japan). For TEM observation, the finally centrifuged red blood cells were aspirated by a pipette 
and mixed with 10% melted gelatin. After having been hardened by glutaraldehyde, the 
samples underwent osmium tetroxide postfixation, alcohol dehydration, propylene oxide dehy-
dration and Epon embedding. 
Group 2: All blood samples were prepared in the same manner as in Group 1 except that, in
addition to 2% glutaraldehyde, 0.1 % malachite green was also used. As with Group l日EM
and TE'.¥l observations were performed . 
.In I 'i・voStudies: Morphological changes in red hlood cel were investigated after the infusion 
of fat emulsion in two trials (Groups 3 and 4) of patients 
Group 3：・ Sixpatients were infused with 500 ml of 10% fat emulsion (Intralipid) for 2 or 
3 hours daily. The red blood cells were taken with a heparinized syringe before and after 
infusion and imm巴diatelywashed with the phosphate buffer. As in the above groups, the samples 
were fixed for SE九Iand TE'.¥I observations. 
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Gr ozψ」； Sevenpatients underwent TP!¥ according to the one-pack method of TANIMURA. 
Briefly, a daily menu of infusates were mixed in one soft bag which included fat emulsion, 
the fat emulsion is thus diluted and infused for 24 hours. Blood samples were taken by the 
same procedure as mentioned above, and fixed for SEM and TEM observations. Simulta-
neously other heparinized blood samples were taken from these subjects and submitted to 
Coil Planed Centrifuge (CPC)M＞ー
Differences between In l ’zlrυand In l’zvo Findings: Groiψ三6and 7: Blood samples were 
taken from healthy subjects and prepared by the same procedure as mentioned above. From 
each of the 刈 bjects,the mixtures were then divided into the following three groups. 
Group 5： おolutionof 2 ml of human albumin (25% albumin, Green Cross Pharm.) was added 
and mixed before adding the fat emulsion. 
Group 6: Human serum from the same person was added and mixed before addition of the fat 
emulsion. 
Group 7: Reversely, after adding and mixing 0.5 ml of the fat emulsion, albumin of each group 
was added. 
The samples of these groups were prepared and observed by the same methods as mentioned 
above. 
Results 
(1) Group l From SEM observations司 itwas noted that red blood cells developed, in vitro, 
echincytosis with the fat emulsion, and this phenomenon was dose-dependent between 0.1 and 
2 ml (Fig. 1.). Though excessive volumes of the fat emulsion eventually cause hemolysis, fat 
particles of the emulsion could not be found in the sample which was mixed more than 3 ml of 
the fat emulsion. On the other hand, echinocytosis did not occur in the control group. 
(2) Group 2: Slight echinocytosis was observed in the control group. This was thought 
to be due to malachite green. However, at this concentration (0.1 %) of malachite green, no 
osmoral change in 五xatives;this凸ndingwas confirmed by an osmometer. Also in the samples 
of this group, dose-dependent echinocytosis by fat emulsion was observed、andan attachment of 
fat particles to red blood cels could be observed by SE¥1 (Fig. 2). 
(3) Group 3: Echinocytosis was seen in red blood cels taken from patients receiving infusion 
of 500 ml of 10% fat emulsion for 2-3 hours, and it was most remarkable in the cels taken 
directly after the 2-hour finishing infusion. With time, this echincytosis diminished, but stil 
continued for about 5 6 hours (Fig. 3). After several days of the observation, these red cels 
prior to infusion seemed to be normal morphologically. However, the evidence that the efect 
of the fat emulsion on the red cel membrane stil exiメtseven after more than 24 hours was 
confirmed by CP＜‘（Fig. 4). 
(4) Groψ」。 Nochanges were seen in the red blood cel in this group either before the starting 
of the one-pack TP::¥ or during the treatment (Fig. 5). 
(5) Groups 5, 6 and 7・ Thered blood cels showed echinocytosis in these groups噌 butit was to 
a leser degree than that of Groups 1 and 2 (Fig. 6). 
INTRA¥'F'.'¥<ll・s FAT F¥ll.LSJ<l'¥ .Jl 
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Fig. 1. Human IJloocl and fat emulsion. 
Fig. la; normal blood cell without fat mud山川‘ big. 1し； 0.1 ml fat ernuls1011 
Fig. le; 0.1 ml, Fig. ld; 0.2 ml, Fig. le; 0.5 ml. I・1日 lf;1 ml and Fig. lg; 2 ml. 
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Fi邑.2. Fat particles (arn川、Iattached to RBC. Prefi，川ion＂＂＇れ ith
glutaraldehyde and malachill' green. 
Discussion 
. ./) F1xa!1011 .Iどi/lidοf Fa! Par/ides in h1! Em11/s1rけれ＼
B1・ the u'ual fixation method, that is, prefix以ion-glutaraldehydeand postfixはtionosmium 
tL・troxick. onlv red blood celb were fixed and the fat particles were totally diぉ？、olvcdduring 
alcohol dehydration. ’l'hneforc, it has been di侃cultto observe the relationship between fat 
emul、ionand red blood cel. :¥ l oreover, in the凸xingof the fat emulsion only osmium tetroxide 
has been used. However. even with this method, fixation is incomplete ，孔Iof the-;c observations 
were done by only S五九［
In the usual fixはtionmethod、fatdroplets in cells are not 五日dor only incompletely electron 
pale upoηTE:¥! observation. Therefore『 thefix;1tion of extracellular fat droplets is highly 
unlikely. :¥ eedless to say町 fatparticlれ ofthe intravl'nous fat emulsion in a I引 ttube of blood 
could not l wfixed l川 thismethod 
K1 ~1 u RA et al.12• l:J> reported a method for ohsen・ing intra刊 nousfat emu！万i01'・ Intheir 




Fig. 3. T. ¥I 28、or白川k. l・frmatulugi≪al l'ha n旦C'
l片山lusion ol intr .1 n n(•L1> fat emu！、ionI代、hon
time method 
l、1宮 3a.句 ltビforじinfu、ion.Fig. 311.川1d3"' l hour 
;1 ftじ｝ 川崎汁tionof infu、ion. Fig. 3d and 3じ： 2 
hou t、九ftじr Fi日 31":ind 3日 5hourミaftcr 
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method、fotemulsions were diluted with distilled water and a drop of the diluted emulsion was 
placed on copper grids covered with collodion membrane, and evaporated to dryness at room 
temperature. Then司 theycompared the size and shape of several types of fat emulsions using 
TE¥! 
λre－以aminationof this method was done by our laboratory, and the grids were observed 
using :-; E ¥l. The results were as follows: there were no globular particles. and only unknown 
cliscoid material were observed. Though their method is among late、t‘itis not only inadequate, 
ド1邑.5. 
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Fig. 6. The role of serum against echinocytogenic efect of fat emulsion. 
Fig. 6a.; before adding fat emulsion (normal RBC), Fig. 6b., RBC after adding fat 
emulsion (echinocytosis), Fig. 6c. and 6d. RBC after adding同 rumalbumin (mild 
echinocytosis). 
but also it lacks the theoretical background concerning the fixation of fat particles of the emulsion. 
ト.；cHOEFL40)also recently reported a fixation method of fat emulsion (Intralipid) in which 
2% osmium tetroxide is added for 40ー70hours at room temperature or at 4で Theresulting 
sedimented pellet was broken up into smaller fragments and dehydrated with ethanol followed 
by Epon embedding. Though the subsequent TE:¥I findings appeared to be far better than that 
of KIMURA et al, there may be considerable dissolution of fat materials by alcohol dehydra-
tion, and thus, this method also is inapplicable to either in vitro or in vivo studies. Therefore、
as with the generally performed fixation method for TEM and SEM with a combination of 
glutaraldehyde and osmium tetroxide, this method adds litle to the investigation of the metabo 
lism of the infused fat emulsion. 
TANIMURA42) and the author2a,24,25) observed fat emulsions in a natural form by SE:¥I 
using malachite green and glutaraldehyde (Fig. 7); the fat particles which had been already 
fixed did not dissolve during ethanol dehydration. On the observation of red blood cells by 
this method, a circular formation of particles (not particles of the fat emulsion) approximately 
0.2 micrn in diameter and with other smaller particles inside the formation was seぞnon the surface 
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of red blood cell cs p引 iallyin the healthy subjぞctgroup regardless of the blood type (Fig. 8). 
In the red blood cell which are mixed with fat emulsion, these circular formations disappeared 
with increasing volumes of fat particles. The fat particle:-and smal particles in the circular for-
mation presented ¥・ery d1汀erent巾apesand structures by the examinations of SE'.¥1 and TE¥!. 
By ~ E ¥I the fat particles appeared circular with smooth the surfaces, but the other small par-
tides had highly irregular日1rf：‘M、亡、 HvTE川、 thefat particles were uniformly black, but the 
Sa 
81. 
Fig. 8. 、卜・＼Iof circular formations on RBC of healthy human adults. Prefixation """ 
glutaraldehydc and malachite green. Note the di仔erencei •l'twcc'n the白川口article只and
fat particles. Fatド：lrticlc只＼＼'l'l"t'comr〕ktl'lysmooth 且
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other small particles appeared have a core with branches （トig目 9). The size of tht九、cpartic、！es
were uniform and only one circular formation was thought to exist on each red blood cel. These 
particles were not found on the co existing white blood cells or on the ba「kgrounclslide 
As malachite green with glutaralclehyde and osmium tetroxide give strong density to fat 
materials‘our findings indicate that these particles consisted mainly of fat materials‘and are not 
artifacts during the procedure of fixation. 
These particles with the circular formation began to disappear with increa,ing volume吋 of
the fat emulsion suggesting that the fat emulsion can bring about significant changes in the 
structure of the rel blood cel membrane. 
B) Effect of Fat E宵iulszono批 RedBlood Cell Membrane: 
In order to detect substances on the rel blood cel membrane several methods ha＼で been
used; generally heavy metals are applied as a marker of compounds of the red cel membrane. 
On the other hand, malachite green is an organic compound without heavy metals. PouLctt1031> 
concluded that malachite green gives fat materials strong electron density by uniting glutaralde-
hyde and osmium tetroxide. Though this is merely a hypothe＇川、 thefact that fat particleメwere
、》’＂＇.;:sr. 、 ． 





0.1 μ RBC 0.2 μ RBC 
9c 9d 
Fig. 9. Comparision of fat particles and particles which formed circular formation of !<.BC. 
Fig. 9a and%; TE'.¥! of fat particles町Fig.9c and 9d., TF'.¥l of particles which formed circu-
la r format10ns 
人lsamples were withりutdouble >tain. 
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given a strong electron density by our method strongly supports this hypothesis. 
The existence of particles22> as large as 0.2 micra in diameter has not yet been reported; 
usually mat℃rials which had been detected previously by heavv metal markぞrswere far smaller. 
Thus some investigators are of the opinion that these particles are too large to be considered as 
markerメ ofmaterials on the red blood cell membrane. However, on considering the special 
characteri刈icsof malachite green the existence of these particles is highly possible. 
¥Janyメtudieshave been performed on the effects of various agents271 to red cel membrane, 
SU<、h山 bileacid人は1bstituted benzoates, diixopyrazplodin引、 vitamins,tranquilizers、rncsthetirs 
and antihistamines. Like the intra¥・enous fat emulsion、theseagents muse hemolysis at high 
concentration9.17'2L2H,39.~r.1a.441 In many di同前回 theeffects to red blood cel were reported 
on the bedside studies, such as !iv℃r cirrhosi：，、 burn6＞‘ hyperthyroidism7＞司 renalfailure, and myo-
tonic dystrophy3>, these disorders may not be thought directly related to the erythropoietic 
system. These investigations were made on the enzymatir3" 1 or ionic33> level, however、their
findings were not consistent. 
CJ /1れ＂！71'‘ど101sl11fusio11 of 1-izl Emu/'1川IS
Since Fatgen,R sesame oil preparation, was first developed and used by HIKASA13人川veral
kinds of fat emulsions have been developed. Fatgen had been the first clinically usable fat emul 
sion. Recentlyぅintravenousfat emulsion have been permitted by United States Federal Drug 
Administration. Jn Japan, several kinds of intravenous fat emulsions hめで beenused. However‘ 
the contents of emulsion and production method are different each other. 
Currently, intravenous fat emulsions 2.rc used clinically as an important source of calories 
and c州刊tialfatty aricb. Fat emulsion is generally considered to be a safe infusate. :¥ever-
theless, there have been several reports on the adverse effects of the fat emulsions and hemato-
logical adverse effects were noted among them. However‘these findings have been concerned 
with the chemical or laboratory findings. Electron microscopical observation on the hemato-
logical change只hむ notyet been reported. This may be due to the d1伍 cultyin fixing fat matぞrials
for SE¥! and TE¥! 
R巴cently,we suCL"eed巴din e<.hily and readily白xingfat particles of intravenous fat emulsion 
using malachite green for SE¥! and TE：＼！、 andthis method w出 appliedto the study of the 
ultrastructural morphology of the町、actionbetween red blood cells and fat particles of the intra-
venous fat emulsion. 
¥lalachitc green is an organic compound which is thought that by combining specifically 
fat material electron dense material was formed in conjunction with glutaraldehyde and osmium 
tetroxide. しtilizingthis advantage in fixing fat particles, ob吐 rvationof fat emulsion has been 
made easy. 
Then川ultsof these studies showed that the intravenous fat emu］、ionscause echinocytosiβ1 
1o18' 26• 29> of red blood cel、invitro and in virn. Therefore司thesedeformed red blood cells mav 
be trapped by the reticuloendothelial旬、lL'm(RES)1·＇』 16•20> increasing the possibility in the spleen 
of hemolysis. This effects was dose-dependent‘thus the infusion of large doses of the fat emulsion 
r・vcntually may c川町 hemolysis.
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When the intravenous fat emulsion is infused via the peripheral vein, high concentrations 
of the emulsified fat and blood are mixed. The results of these studies indicates that a large 
number of red blood cells might be hemolyzed in a vein. Although most patients can receive 
intravenous fat emulsion clinically without remarkable side effects, an abnormal increase in 
serum hemoglobin level after the intravenous fat emulsion has been reported. Greater attention 
must be paid to infused patients who are critically il of in the terminal stage of cancer. 
Several adverse effects which were thought to be trivial in patients who are not critically il 
were not always safe, because these patients were usually anemic and had hypoalbuminemia. 
If the fat emulsion is infused into these patients by the usual method, anemia will become more 
severe because the fat emulsion causes greater cel deformity, and the diminished low serum 
albumin levels will result in the fat emulsion attaching to red blood cells and thus increases the 
likelihood of red blood cel deformity. This study suggests that the fat emulsion should be 
infused by a one-pack method to minimize the effects against the red blood cel by diluting the 
fat emulsion over a 24 hours period. 
When TPN is generally performed, fat emulsions are separately infused through the peri司
pheral vein for 2 3 hours, but patients who often receive TPN are critically il. Moreover, 
infused fat particles of the emulsion are quickly phagocytized by RES. In the case of short time 
infusion, macrophages phagocytized larger doses of fat particles. Blockade of bacterial 
phagocytosis after giving fat emulsions were reported. 
With regard to echinocytosis of red blood cel in this study, other factors, such as pH, 
osmolarity and temperature were not echinocytogenic in the author’s conditions, therefore echino-
chtogenesis was brought about by fat emulsion. There are many speculations concerning the 
mechanism of echinocytosis. Fat particles have a weak negative charge. But, by SEM observa-
tion, fat particles were directly attached to the red blood cells and these particles were envelop巴d
by phospholipid. The attaching of phospholipid may cause changes in the structures of the red 
blood cel membrane. 
Our findings of echinocytosis by fat emulsion and the disappearance of the characteriちtic
circular formation of particles, though not performed on the molecular level, may add to our 
understanding of the mechanism of changes in the red blood cel membrane caused by various 
agents. 
Conclusion 
1. The intravenous fat emulsion was found to have a dose-dependent echinocytogenic effect 
on red blood cel in vivo; in vitro, excessive doses of fat emulsion caused hemolysis. The 
echinocytogenic effect was not seen when our one-pack method was clinically used. On the 
other hand, the commonly used infusion method of the fat emulsion caused echinocytosis. This 
difference may be of significance in the treatment of critically il patients. 
Serum albumin appeared to offer protection against the echinocytogenic effect of the intra-
venous fat emulsion, because the direct contact of fat particles to the red blood cel may be one 
of the causes of echinocytogenesis. 
50 日外宝第52巻第1号（昭和58年l月）
2. By using malachite green with glutaraldehyde for the pre-fixation of red blood cells, other 
particles in circular formation are formed on the cell membrane; they appear to consist mainly 
of fat material討 andare almost uniform in size. The disappearance of these particles and the 
circular formation with increasing concentrations of the intravenous fat emulsion may cause 
signi白cantchanges in the red blood cel membrane; the investigation of these changes will help 
to clarify the mechanism of echinocytosis 
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in vivoでも軽い echinocytosisを惹起せしめる． しか
し，脂肪乳剤を他の輸液剤と混合し， one-packとして
濃度を下げて投与すると，かかる所見は観察されなか
った．更に，血清アルブミンには脂肪乳剤の赤血球変
形作用を防ぐ働きのあることが解った．
次iζ，脂肪乳剤を加えていない健常成人の赤血球を
7 ラカイトグリーントグルタールアルデヒドで前固定
をすると， 赤血球膜上に 0.2μ前後の均一な大きさを
もっ粒子群が固定された．乙の粒子はSEMでは直径
約 0.8μ 前後の円として形成するのが観察されるが，
それはTE:¥!によると明らかに構造を有しており赤血
球膜固有のものと考えられた． しかし，その機能など
については現在不明であるが，脂肪乳剤を加えていく
ことによって，この粒子が消失していくことから，乳
剤粒子は赤血球膜に対して大きな影響を与えるものと
考えられた．乙のような赤血球膜の変化は溶血や網内
系による処理をうける原因にもなる乙とが想像される
以上のことから，特に‘脂肪乳剤の投与が欠くべか
ざると恩われるような重症の低栄養状態下lとあるもの
では同時に貧血，低酸素血症，低蛋白血症などがよく
みられる所見である乙とから乳剤の投与に際しては慎
重にそれを行なわなければならない．その／i，，濃度を
下げしかも長時間かけて投与する one-pack方式は従
来の短時間投与法よりよりも好ましいと考えられる．
